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Objective: The urinary microalbumin concentration was analysed in patients with intermittent claudication in order to 
investigate its usefulness as a marker for intermittent claudication. 
Materials and Methods: Urinary samples were collected prior to and following exercise in 15 patients with claudication. 
The patients walked on a treadmill as far as possible until they were stopped by pain. Urinary microalbumin concentration 
was measured by a latex agglutination system, and the result was considered abnormal when the concentration exceeded 
10 mg/g creatinine. The ankle brachiaI pressure index (ABI) at rest and the time taken for the ankle pressure to return to 
the resting level following exercise (ABI recovery time) also were measured. 
Results: In seven (47%) of the patients, the urinary microalbumin concentration was elevated to more than 10 mg/g 
creatinine following exercise, while in eight (53 %) it remained normal. The ABI recovery time was significantly longer in 
the patients in whom the microalbumin concentration was elevated, compared to that in patients without an elevated 
concentration. The urinary m&roalbumin concentration following exercise was reduced significantly when the walking 
distance was decreased 50% or 15%. Following vascular bypass surgery, the elevation in urinary microalbumin 
concentration was reduced. 
Conclusions: The use of urinary microalbumin as a diagnostic marker for intermittent claudication is limited. However, 
in cases where the concentration is elevated, it can be used to follow the course of the disease. 
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Introduction 
Microalbuminuria is the small amount of albumin 
excreted in the urine that is undetectable by the 
quantitative stick test. In insulin-dependent diabetes, 
microalbuminuria c n predict he onset of proteinuria 
and chronic rena l  failure. 1'2 Shearman et al. 3 and 
Hickey et al. 4 have reported that the urinary micro- 
albumin concentration i  patients with intermittent 
claudication increases following walking, even in 
those without diabetes mellitus. They suspected that 
microalbuminuria could be used as a marker for 
intermittent claudication. In this paper, the urinary 
microalbumin concentration was analyzed in 15 
patients with intermittent claudication in order to 
evaluate its usefulness as a diagnostic marker for 
intermittent claudication. 
*Please address all correspondence to: Masahiro Matsushita, The 
First Department of Surger~ Nagoya University, School of Medi- 
cine, Tsurumai-cho, Showa-ku, Nagoya 466, Japan. 
Patients and Methods 
Fifteen men with a mean age 61 years (range 51-68) 
with intermittent claudication were studied. The 
pattern of peripheral vascular disease were investi- 
gated by arteriography. A group of healthy male 
volunteers with a mean age 30 years (range 25-36) 
were used as controls. 
Modification of Shearman's method 3 was used for 
sample collection. After emptying their bladders, 
patients rested for 1 h following which a mid-stream 
urine sample was obtained. The ankle brachial pres- 
sure index (ABI) at rest was measured. Patients then 
walked at a rate of 40m/min  on a treadmill with a 12 ° 
incline, until stopped by pain. When a patient could 
not walk at this speed, the treadmill was slowed 
down. The ABI was measured immediately following 
exercise and then subsequently at5 rain intervals until 
it returned to the pre-exercise level. Following a 
further hour of rest, a second mid-stream urine sample 
was obtained. The controls walked 300 m (the mean 
maximum walking distance of the patients) under the 
same conditions, and urine samples were collected in 
the same fashion. 
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Table 1. Comparison of patients with and without elevated urinary microalbumin concentrations 
Urinary microalbumin concentration 
Normal (n=8) Elevated (n=7) 
Age 63+5.3 59_+3.1 NS 
Serum creatinine 1.2_+0.19 1.0_+0.12 NS 
Diabetes mellitus 2 2 NS 
Cardiovascular disease 1 1 NS 
Cerebrovascular disease 1 1 NS 
Hypertension 5 6 NS 
Hypertensive drugs 
Calcium ~ntagonist 4 5 
Calcium antagonist and ACE inhibitor 1 0 
Calcium antagonist and Beta blocker 0 1 
Patterns of occlusive disease 
Aortoiliac 7 5 
Femoropopliteal associated with aortoiliac 1 2 NS 
Walking distance (m) 193_+169 349+~237 NS 
Pre-exercise ABI 0.58_+0.15 0.51_+0.14 NS 
Post-exercise ABI 0.23-+0.10 0.18_+0.05 NS 
ABI recovery time (min) 15.6-+4.7 28.3-+6.6 p<0.05 
Ur inary microalbumin was measured by a latex 
agglut ination system 5 and was expressed as the 
ur inary a lbumin to creatinine ratio in mg/g  creatinine. 
The result was considered abnormal  when the ur inary 
microalbumin concentrat ion exceeded 10 mg/g  
creatinine. 
Statistical significance was assessed by the Student's  
t-test or Fisher's exact test, and the results were 
considered significant at a confidence level of 5%. 
In formed consent was obtained from all patients. 
the pre-exercise ABI, post-exercise ABI and walk ing 
distance; however;  the time taken for the ABI to return 
to the pre-exercise level (ABI recovery time) was 
significantly longer in the elevated ur inary micro- 
a lbumin group (Table 1). 
Five of the seven patients with elevated ur inary 
microalbumin concentrat ion were re-tested twice on 
two different days. In these tests, the walk ing distance 
was l imited to 50% (in the second test) and to 25% (in 
10 000 
Results .~ 
In the control subjects, the post-exercise ur inary 
microalbumin concentrations were less than 10 mg/g  
creatinine, unchanged from pre-exercise concentration. ~- 
The study group subjects were classified into two 
groups: (1) those whose pre- and post-exercise ur inary 4 
microalbumin concentrations were no more than 10 mg/  
g creatinine (normal ur inary microalbumin group) and 
(2) those whose post-exercise ur inary microalbumin '~ 
10 
concentration was higher than 10 mg/g  creatinine, b 
regardless of whether  the pre-exercise concentrat ion 
was below or above 10 mg/g  creatinine (elevated 
ur inary microalbumin group). There were eight normal  
ur inary microalbumin group patients and seven ele- 
vated ur inary microalbumin group patients. (Fig. 1). 
In the two study groups, there was no significant 
difference in age, serum creatinine concentration, or 
the incidence of concomitant diabetes mellitus, heart 
disease, cerebral vascular disease or hypertension. 
Hypertens ive patients had usual ly been treated with a 
calcium antagonist in both groups. Their stenotic/  
occlusive lesion were similar in the two groups by  
arteriography. There were no significant differences in 
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Fig. 1. In control subjects, urinary microalbumin concentration was 
less than 10 mg/g creatinine, even following exercise. The study 
group patients were classified into two groups: (1) the normal 
urinary microalbumin group; those whose pre- and post- exercise 
urinary microalbumin concentrations were no more than 10 mg/g 
creatinine ( ~ ,  n = 8) and (2) the elevated urinary micro- 
albumin group; those whose post-exercise urinary microalbumin 
concentration was higher than 10 mg/g creatinine, regardless of 
whether the pre-exercise concentration was below or above 10 mg/ 
g creatinine (© ©, n = 7). 
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the third test) of the maximum walking distance that 
they had walked in the first test. Urine collection and 
pressure studies were performed in the same fashions. 
Two patients were unable to undergo these tests 
because of treatment schedules. When the walking 
distance was decreased to 50% or 25% of maximum, 
the post-exercise urinary microalbumin concentration 
was reduced significantly. (Fig. 2). 
Five patients in the elevated urinary microalbumin 
group underwent successful bypass surgery, and the 
walking and urinary microalbumin tests were 
repeated following the operation. Fig. 3 shows the 
post-exercise urinary microalbumin concentrations 
measured prior to and following the bypass surgery. 
In two cases, the post-exercise urinary microalbumin 
concentration was reduced to a normal level. How- 
ever, the overall difference between the concentrations 
prior to and following the surgery did not reach 
significance probably due to the small numbers. 
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Fig. 2. The post-exercise urinary microalbumin concentrations 
demonstrated a significant reduction when the walking distance 
was limited to 50% or 25% of the maximum distance. 
Discussion 
Shearman et al. 3 and Hickey et al. 4 have reported that 
urinary microalbumin concentrations increase follow- 
ing exercise in patients with intermittent claudication. 
They suggested that the reason for this is that severe 
ischaemia can initiate an acute inflammatory 
response, causing endothelial cell damage and a 
systemic increase in vascular permeability. 6 Transient 
muscle ischaemia associated with claudication may 
also stimulate a systemic inflammatory reaction, pro- 
ducing a systemic increase in vascular permeability. 3 
Microalbuminuria results from an increase in the 
glomerular filtration of albumin 7and probably reflects 
a generalised increase in vascular permeability to 
macromolecules. 8'9 
Hickey et al. 4 stated that the measurement of 
exercise induced microalbumin may become a useful 
tool in the assessment of patients with intermittent 
claudication, because it correlates well with the ABI 
recovery time and was reduced following successful 
bypass surgery. The present study showed that the 
post-exercise urinary microalbumin elevation was 
10 000 
i000 
o 
o 
g 
100 - 
10 -  
I I 
Prior to Following 
operation operation 
Fig. 3. In general, the post-exercise urinary microalbumin concentra- 
tion was reduced following bypass surgery but no statistically 
significant difference could be demonstrated. 
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related to the distance walked. For patients with an 
elevated urinary microalbumin concentration, micro- 
albuminuria can be used as a marker for intermittent 
claudication and help to evaluate the effects of 
treatments. Unfortunatel)¢ only 47% of the study 
group had an elevated urinary microalbumin concen- 
tration. According to the present stud3¢ a limited 
number of patients with claudication will be benefited 
by this marker. 
Comparing patients with normal urinary micro- 
albumin concentration and those with elevated uri- 
nary microalbumin concentration, there was no sig- 
nificant difference in atherosclerotic risk factors and 
patterns of arterial occlusive disease. There was no 
difference in hypertensive drug treatment, although 
hypertensive drugs may reduce microalbumin excre- 
tion especially in patients with diabetes. 1°'11 However, 
walking distance was considerably shorter and ABI 
recovery time was significantly shorter in those with 
normal urinary microalbumin concentration (Table 1). 
It might be mentioned that patients with normal 
urinary microalbumin concentration were those who 
were not able to walk maximally until severe ischemia 
occurred to influence vascular permeability. This 
would be in agreement with the result that micro- 
albumin excretion reduced with limited walking 
distance in elevated urinary microalbumin group 
patients. There may also be other differences between 
the two patient groups that were not detected in this 
small study. Those differences should be identified to 
establish the value of this method as a research tool. 
Microalbuminuria may be a predictor for cardiovas- 
cular disease even in non-diabetic subjects, lz-14 If 
vascular permeability increases in vessels other than 
in the glomerulus, it may permit the escape of 
lipoproteins into the arterial walls, 15 possibly aggra- 
14 vating arteriosclerosis. On the contrar3¢ microalbu- 
minuria may be a manifestation ofwidespread athero- 
sclerosis. 14 The claudicants with microalbuminuria 
may represent a high-risk group for cardiovascular 
disease or cerebral vascular disease, although the rate 
of these complications was not significantly higher in 
the patients with elevated urinary microalbumin 
concentration i this study. 
Walking training is accepted widely as a valuable 
method in the treatment of patients with intermittent 
claudication. Some surgeons recommend that their 
patients walk for as long as they can stand the pain in 
their legs16'17; while other doctors prefer that they stop 
walking before they feel pain. ~s In patients with 
elevated urinary microalbumin, maximum walking 
may produce a maximum increase in generalised 
vascular permeability. In theor3~ this may have 
adverse ffects for claudicants because the increase in 
vascular permeability may aggravate xisting arterio- 
sclerosis. Since microalbumin excretion was reduced 
markedly with limited walking distance, urinary 
microalbumin concentrations might be used to deter- 
mine the appropriate training regimens for a select- 
group of patients. 
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